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Abstract
Background: Arthritis is a leading cause of disability in the United States. Total knee arthroplasty (TKA) has become the 
gold standard to manage the pain and disability associated with knee osteoarthritis (OA). Although more than 400 000 
primary TKA surgeries are performed each year in the United States, not all individuals with knee OA elect to undergo 
the procedure. No clear consensus exists on criteria to determine who should undergo TKA. The purpose of this study 
was to determine which clinical factors will predict the decision to undergo TKA in individuals with end-stage knee OA. 
Knowledge of these factors will aid in clinical decision making for the timing of TKA.
Methods: Functional data from one hundred twenty persons with end-stage knee OA were obtained through a 
database. All of the individuals complained of knee pain during daily activities and had radiographic evidence of OA. 
Functional and clinical tests, collectively referred to as the Delaware Osteoarthritis Profile, were completed by a physical 
therapist. This profile consisted of measuring height, weight, quadriceps strength and active knee range of motion, 
while functional mobility was assessed using the Timed Up and Go (TUG) test and the Stair Climbing Task (SCT). Self-
perceived functional ability was measured using the activities of daily living subscale of the Knee Outcome Survey 
(KOS-ADLS). A logistic regression model was used to identify variables predictive of TKA use.
Results: Forty subjects (33%) underwent TKA within two years of evaluation. These subjects were significantly older 
and had significantly slower TUG and SCT times (p < 0.05). Persons that underwent TKA were also significantly weaker, 
had lower self-reported function and had less knee extension than persons who did not undergo TKA. No differences 
between groups were seen for BMI, gender, knee flexion ROM and unilateral versus bilateral joint disease. Using 
backward regression, age, knee extension ROM and KOS-ADLS together significantly predicted whether or not a 
person would undergo TKA (p ≤ 0.001, R2 = 0.403).
Conclusions: Younger patients with full knee ROM who have a higher self-perception of function are less likely to 
undergo TKA. Physicians and clinicians should be aware that potentially modifiable factors, such as knee ROM can be 
addressed to potentially postpone the need for TKA.
Background
Osteoarthritis (OA) is a degenerative condition that
affects millions of persons in the United States. The knee
is the most commonly affected joint and knee OA is a
leading cause of disability and functional limitations in
adults [1,2]. The most common surgical intervention for
end-stage knee OA is total knee arthroplasty (TKA).
Although more than 400,000 primary TKA surgeries are
performed each year in the United States, not all individ-
uals with knee OA elect to undergo the procedure [3-5].
No clear consensus exists on criteria to determine who
should undergo TKA, however, severe pain, higher levels
of disability and excessive cartilage degeneration appear
to be decisive factors for the procedure [6,7]. Currently,
no longitudinal studies have evaluated clinical impair-
ments that precipitate the use of TKA in persons with
knee OA.
Determinants of the decision to perform TKA have
mainly been derived from surveys of orthopedic surgeons
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[8]. Surgeons are less likely to prescribe total joint
replacement in the presence of cardiovascular or psycho-
logical co-morbidities and are more likely to perform
total joint replacements on individuals with severe pain,
those with radiographic evidence of end-stage cartilage
degeneration and for men [4,8-11]. These surveys provide
important insight into the rationale of prescribing sur-
gery, but they do not reflect the motivations of the
patient's decision to undergo TKA. Previous studies that
have included a longitudinal assessment of predictive fac-
tors from a patient's perspective have utilized a question-
naire-based format, which only permits self-perceived
assessment of functional ability [12,13]. Self-perceived
performance often substantially differs from an individ-
ual's actual functional capabilities [14,15].
Demographic and socioeconomic differences on TKA
use have been reported, although the evidence is conflict-
ing. The majority of these investigations have reported
that women are less likely to undergo TKA, despite a
higher prevalence of OA and worse symptoms [16,17].
This may be related to the fact that surgeons are more
likely to recommend TKA for males [10,11]. Race has
been found to be a non-modifiable risk factor for under-
going TKA, with Caucasian individuals being 1.5 times
more likely to undergo TKA than non-white individuals
[18]. Hispanic and black persons show a propensity to not
utilize TKA, even when accounting for differences in eco-
nomic access and health needs [19].
In addition to demographic differences, the rate of car-
tilage loss and radiographic severity of OA are indicative
of future joint replacement [20-22]. Cartilage loss mea-
sured by radiographic joint space narrowing is the gold
standard for quantifying the mechanical changes associ-
ated with disease progression. Despite this, radiographic
changes do not necessarily correlate to symptoms and
functional impairments [23]. It is therefore more likely
that an assessment of structural changes, functional abil-
ity and pain are collectively needed to accurately predict
who will require TKA [7,24].
Knowledge of the underlying clinical motivations of
persons undergoing TKA is essential, as pre-operative
factors affect post-operative outcomes. Lower quadriceps
strength, increased pain and decreased knee flexion have
been shown to result in lower post-operative outcomes
[25,26]. If these are the same clinical predictors that influ-
ence the decision to undergo TKA, then patients should
be educated to the benefits of undergoing TKA prior to
the onset of these severe limitations. Adequate patient
education has the potential to reduce the time and cost
associated with post-operative physical therapy, while
improving patient satisfaction.
A considerable time commitment is required when opt-
ing to undergo TKA. Significant time off from work, out-
of-pocket expense and physical assistance may be
required for the surgical procedure, as well as the recov-
ery and rehabilitation processes [27]. Patients may find it
beneficial to delay the surgery until they are able to make
the financial and time commitment or able to coordinate
post-operative care. To do so, it is imperative that clini-
cians understand the functional limitations that necessi-
tate TKA intervention. If the limitations are treatable
with preventative or palliative measures, then therapeutic
modalities aimed at reducing these limitations could suc-
cessfully delay the surgery.
Currently, a longitudinal analysis of objective clinical
measures that predict the decision to undergo TKA is
lacking in the literature. The purpose of this study was to
determine which clinical factors will predict the decision
to undergo TKA in individuals with end-stage knee OA.
Knowledge of these factors will aid in clinical decision
making for the timing of TKA and lead to improved
patient education, which may positively affect post-oper-
ative outcomes.
Methods
Functional data from one hundred twenty persons (59
males, 61 females; mean age 60 years, SD 9.7, range 28-
83) with end-stage knee OA were obtained through a
database maintained by the University of Delaware Physi-
cal Therapy Clinic and approved by the Human Subjects
Review Board. All subjects were referred to the physical
therapy clinic from a single orthopedic surgeon who does
not perform TKA. All of the individuals complained of
knee pain during daily activities that prompted them to
consult the orthopedic surgeon. Additionally, all subjects
had radiographic evidence of OA in more than one com-
partment as evidenced by Kellgren-Lawrence scores ≥ 3
[28]. These criteria established our operational definition
of end-stage knee OA. Functional evaluations were com-
pleted by a physical therapist and consisted of measuring
height, weight, quadriceps strength, active knee range of
motion, self-perceived functional ability, functional
mobility and the ability to negotiate stairs. The functional
evaluation, known as the Delaware Osteoarthritis Profile,
assesses self-perceived functional ability, objective func-
tional capabilities, range of motion, quadriceps strength
and anthropometric measures. Only subjects who were
definitively known to undergo or not undergo TKA were
included in the analysis.
Quadriceps Strength
For the purposes of this study, quadriceps strength was
defined as the volitional force produced during unilateral
isometric knee extension. Subjects were seated in a Kin-
Com dynamometer (Harrison, TN, USA) with the knees
flexed to ~75 degrees and hips flexed to ~90 degrees.
Straps were placed across the thigh and the shank to pre-
vent excessive movement during the isometric contrac-Zeni et al. BMC Musculoskeletal Disorders 2010, 11:86
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tion. Subjects completed a warm-up trial and then two
subsequent maximal isometric trials. Peak force from the
two trials were averaged and normalized to the individ-
ual's body mass index (BMI). This method has been used
to effectively measure strength in persons with knee OA
[29].
Knee Range of Motion
Active knee flexion and extension range of motion were
collected in a supine position using a standard long arm
goniometer. The axis of the goniometer was placed over
the lateral femoral epicondyle. The proximal end of the
goniometer was aligned with the greater trochanter of the
femur and the distal arm was aligned with the lateral mal-
leolus. Measurements were recorded with respect to full
extension being 0 degrees with positive numbers indicat-
ing a more flexed position and negative numbers indicat-
ing hyperextension. During knee extension, the subject's
heel was placed on an elevated block to allow clearance of
the thigh and calf. Subjects were asked to maximally
extend the knee and the average active knee extension
ROM over two trials was recorded. During knee flexion,
subjects were instructed to maximally flex the hip and
knee and draw the heel toward the buttocks. The average
peak knee flexion was recorded from two trials. Gonio-
metric knee flexion and extension measurements are
highly reliable in persons with knee OA [30].
Knee Outcome Survey - Activities of Daily Living Subscale
The Knee Outcome Survey - Activities of Daily Living
Subscale (KOS-ADLS) is a subsection of the Knee Out-
come Survey that contains fourteen questions about an
individual's perception of his or her ability to perform
activities of daily living [31]. Answers to the questions are
ranked from 0 (inability to perform activity) to 5 (no diffi-
culty with activity). Answers are summed and given as a
percentage score, with a higher score reflecting greater
self-perceived functional ability. This is a reliable and
valid test to use for individuals with knee pathology [32].
Functional Tests
The Timed Up and Go (TUG) and Stair Climbing Task
(SCT) were incorporated to assess functional mobility
and stair negotiation. The TUG is a timed test in which
the subjects rise from a chair, walk three meters, turn
around and return to a seated position in the chair. The
subjects performed two trials and the average time to
complete the task was recorded. Subjects were permitted
to use the arms of the chair during the rising from the
chair and returning to a seated position. This test has
excellent reliability and has been used to examine out-
comes in persons with knee OA [33]. The SCT is also a
timed test in which the subjects begin at the bottom of a
flight of twelve stairs, ascend the steps on the investiga-
tors command, turn around and descend the stairs. Light
handrail use was permitted for balance. These tests have
previously been used to explore differences in persons
with knee OA [26].
Statistical Analysis
Independent t-tests were performed to determine if sig-
nificant differences in age, BMI, TUG, SCT, KOS-ADLS,
quadriceps strength on the involved and uninvolved side,
active knee extension range of motion and active knee
flexion range of motion existed between persons who did
and persons who did not choose to undergo TKA within
two years of evaluation. No adjustments were made for
multiple comparisons. Chi-square tests were performed
to determine if gender or unilateral versus bilateral joint
disease were different between the two groups. Variables
that were found to be significantly different between the
two groups (p ≤ 0.05) were used as covariates in a logistic
regression analysis. An exploratory backward regression
model was created from this to determine if fewer vari-
ables could still explain a large portion of the variability in
the data. Receiver operating characteristic curves were
then created from these variables to determine clinically
meaningful cut-off points. Missing data entries were
ignored on a pair-wise basis and cases were not removed
from the analysis secondary to an incomplete data set.
Results
Forty subjects (33.3%; 18 males and 22 females; age range
46-78 years) underwent TKA within two years of evalua-
tion. Mean time to TKA was 224 days following the phys-
ical therapy evaluation. These subjects were significantly
older and had significantly slower TUG and SCT times
(Table 1). Persons who underwent TKA were also signifi-
cantly weaker in both the involved and uninvolved limb,
had lower self-reported functional ability and had less
knee extension than persons who did not undergo TKA.
We found no differences between groups for BMI, gen-
der, knee flexion ROM and unilateral versus bilateral joint
disease.
Logistic regression revealed that age, KOS-ADLS,
TUG, SCT, quadriceps strength and knee extension ROM
significantly predicted TKA within two years (p ≤ 0.001,
R2 = 0.412). Younger age, higher KOS-ADLS scores, faster
TUG and SCT times, stronger quadriceps and full knee
extension predicted those who do not undergo TKA.
Using backward regression, age, knee extension ROM
and KOS-ADLS together significantly predicted whether
or not a person would undergo TKA (p ≤ 0.001, R2 =
0.403) (Table 2). Despite using only three variables in this
model, there was only a small reduction in the R2 value.
Both regression models were better predictors of those
who would not undergo TKA opposed to those who
would undergo TKA.Zeni et al. BMC Musculoskeletal Disorders 2010, 11:86
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Cut-off values based on maximizing the area under the
receiver operating characteristic curve also did a better
job predicting those who would not undergo TKA (Table
3). Odds ratio revealed that the risk of undergoing TKA
increased by 1.13 times for every year increase in age
(Table 3). For every degree of knee flexion contracture
the chance of undergoing TKA increased by 1.23 times.
Higher KOS-ADLS by one point reduced the chance of
TKA by 1.04 times.
Discussion
Using the Delaware Osteoarthritis Profile, we have found
a subset of objective clinical measures that predict
whether persons with end-stage knee OA undergo elec-
tive TKA within two years of seeing an orthopedic sur-
g e o n  f o r  e v a l u a t i o n  o f  k n e e  p a i n .  R e l i a b l e  a n d  v a l i d
clinical tests can be used to determine persons who will
likely not undergo TKA within two years. Differences
existed between those who had TKA and those who did
not for a majority of the objective measures. This sug-
gests that while radiographic severity may quantify end-
stage disease, differences in clinical measures determine
persons who will forgo TKA for greater than two years.
The results of this study support recent findings by
Dieppe et al., who concluded that simple measures of
pain or radiographic evidence of OA do not encompass
all of the clinical factors that determine who should
undergo total joint arthroplasty [34].
We found no differences in the distribution of males
and females between groups, suggesting that sex is not a
factor related to the decision to undergo TKA. Similarly,
bilateral versus unilateral disease and BMI were not sig-
nificantly different between groups. This is an interesting
finding because a higher BMI is strongly associated with
the development of knee OA [35,36]. While BMI may be
a risk factor for the initiation of the disease, our results do
not support that BMI is related to the decision of whether
to undergo TKA once subjects develop symptomatic end-
stage OA.
Variables that were significantly different between
groups explained a large portion of the variability in TKA
use. Using only three clinical measures (age, knee exten-
sion ROM and KOS-ADLS scores) the model explained a
large portion of the variability. The predictive ability of
Table 1: Mean (SD) of the baseline values and group differences in the subject sample.
Sample (n) All Subjects Had TKA (n = 40) No TKA (n = 80) p-value
Age (years) 111 59.5 (9.7) 63.3 (8.3) 57.6 (9.8) 0.002*
Affected joint (Bi/Unilateral %) 120 44/56 46/54 43/57 0.845
Sex, M/F (%) 120 49/51 46/54 50/50 0.702
Body Mass Index (kg/m2) 115 32.2 (6.5) 32.5 (7.0) 32.0 (6.4) 0.740
TUG (s) 117 8.8 (2.5) 9.5 (2.3) 8.5 (2.5) 0.034*
SCT (s) 115 16.0 (8.8) 19.4 (10.8) 14.4 (7.0) 0.012*
KOS-ADLS (%) 99 58.2 (22.0) 51.1 (19.5) 61.5 (22.4) 0.027*
Quad Strength (Inv.) (N/BMI) 115 22.5 (11.4) 18.9 (9.1) 24.2 (12.0) 0.010*
Quad Strength (Uninv.) (N/BMI) 115 26.9 (11.1) 23.8 (9.4) 28.4 (11.5) 0.037*
Extension ROM (degrees) 120 1 (5) 3 (6) 0 (4) 0.013*
Flexion ROM (degrees) 120 125 (16) 124 (11) 125 (18) 0.671
Table 2: Model 1 of the logistic regression contained all of the significant variables.
Model Variables Included Correctly Predicted Nagelkerke R2 Significance of Model
Age, KOS-ADLS, TUG, Had TKA 59%
Model 1 SCT, Bilateral Strength, No TKA 91% 0.412 <0.001
Extension ROM Overall 81%
Age, KOS-ADLS, Had TKA 62%
Model 2 Extension ROM No TKA 86% 0.403 <0.001
Overall 78%
Model 2 contained the variables from the final backwards regression step.Zeni et al. BMC Musculoskeletal Disorders 2010, 11:86
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these factors was directional. Collectively, these factors
correctly predicted nearly all of those who did not
undergo TKA within 2 years (91% correct prediction) but
only slightly more than half (58% correct prediction) of
those who did. The receiver operator characteristic cut-
offs had the same result, with a strong ability to predict
those who did not undergo TKA. Individuals younger
than 60 years old who have full knee extension ROM are
much less likely to undergo TKA. Self-perceived func-
tional ability greater than 50 as measured by the KOS-
ADLS will further reduce the chances of undergoing
TKA. The case for the opposite is not as strong and dif-
ferent factors not considered here may influence those
who do choose to undergo TKA.
The odds ratio revealed that age, extension ROM and
KOS-ADLS had a large increase in risk for undergoing
TKA with a single unit increase in the variable. The mean
difference between groups was not very large for knee
extension. However, the odds ratio revealed that for a sin-
gle degree increase in knee flexion contracture, the risk of
undergoing TKA increased by 23%. This suggests small
reductions in end-range knee motion may significantly
increase one's chance of requiring TKA in the future. Cli-
nicians and physicians should stress the importance of
maintaining full ROM to patients presenting with end-
stage knee OA. The efficacy of pre-operative rehabilita-
tion regimens is often limited by knee pain. While aggres-
sive strengthening protocols may not be feasible, perhaps
patients wishing to delay surgery, who also present with
knee flexion contracture, should participate in rehabilita-
tion that focuses on maintaining full knee ROM. Loss of
knee range of motion in other knee pathologies is sug-
gested to expedite the progression of the disease. Follow-
ing anterior cruciate ligament reconstruction, loss of
knee extension range of motion may facilitate the devel-
opment and progression of knee OA [37]. Knee flexion
contractures were also associated with radiographic evi-
dence of cartilage deterioration within 7 years of ACL
reconstruction [38]. The results from the present study
also suggest that knee flexion contracture is one of the
most important factors for the progression of the disease.
Similar to knee extension ROM, age and KOS-ADLS
also had relatively large odds ratios, highlighting the
importance of these variables in the prediction of deci-
sion to undergo TKA. The mean difference in age was
relatively large between the two groups, with persons
undergoing TKA being an average of six years older. In
addition, the chance of requiring TKA increased 13% for
every year of age. Older age is the strongest predictor of
radiographic joint space narrowing and the development
of knee OA [35,39]. In this study, age is also a strong pre-
dictor of TKA use once symptomatic end-stage knee OA
has developed, with younger persons less likely to
undergo TKA. For every one percentage point decrease
in KOS-ADLS score, the chances of undergoing TKA
increased by 4%. While this may seem relatively small, the
range of KOS scores was large. Therefore, a difference of
ten to twenty points is not only clinically meaningful, but
also dramatically increases the chance that one will
undergo TKA. Age, knee extension ROM and self-per-
ceived function are important variables that should be
evaluated by clinicians when dispensing advice or influ-
encing patients' expectations of TKA surgery.
Table 3: Cut-off values from receiver operating characteristic and multivariate odds ratio from logistic regression analysis 
(eROM = extension range of motion).
Odds Ratio Had TKA No TKA Total Percent Correct
Age (years)
<= 60 16 48 64 75
>60 1.13 21 26 47 45
Total 37 74 111
eROM (degrees)
< =  0 1 55 06 57 7
>1 1.23 24 31 55 44
Total 39 81 120
KOS-ADLS (%)
>50 0.96 14 46 60 77
<= 50 18 21 39 46
T o t a l 3 26 79 9Zeni et al. BMC Musculoskeletal Disorders 2010, 11:86
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Persons wishing to delay surgery should be referred to
physical therapy to address age-related impairments, def-
icits in KOS-ADLS scores and loss of knee extension
ROM. Deyle et al in a randomized control trial found that
manual physical therapy in persons with knee OA
delayed the need for TKA, which supports the findings in
the present study [40]. Physical therapy regimens that
include individualized manual therapy, supervised exer-
cises and a home exercise component have also been
shown to improve self-reported functional scores and
functional ability in persons with knee OA [40-43].
Therefore, physical therapy may be the primary method
of improving the variables that predicted the use of TKA,
as it is effective in reducing pain and disability in people
with OA [44,45].
One limitation of this study is that follow-up radio-
graphs were not analyzed to estimate joint space narrow-
ing prior to surgery, although all subjects demonstrated
radiographic evidence of knee OA at their initial evalua-
tion. Despite this, the functional measures explored in
this study explain a large amount of the variability in peo-
ple who do or do not undergo TKA within 2 years for
end-stage knee OA. Since radiographic measures of OA
severity do not strongly correlate to pain and disability, it
is possible that using functional measures as determi-
nants of future TKA are more appropriate [23,46]. This
agrees with previous work that found factors other than
radiographic disease severity as the most important
determinants of TKA use [13]. This is highlighted by the
study by Dieppe et al., that examined 1327 cases of hip
OA and found no relationship between the radiographic
severity of OA and reported levels of disability [34]. Our
study did not assess the use of disease or symptom modi-
fying agents, including bracing, injections, therapy or
analgesic and anti-inflammatory medications. Addition-
ally, preclusive socio-economic variables for the decision
to undergo TKA were not assessed.
Previous examinations into determinants of TKA use
have cited differences in access to care [47]. In our study,
all subjects sought care from a single orthopedic surgeon
for management of knee pain prior to functional evalua-
tion. Patients were aware of the surgical and non-surgical
options available to them and all were from the local area,
referred to the physical therapy clinic from a single ortho-
pedic surgeon who does not perform total knee replace-
ments. Additionally, the sample was a relatively
homogeneous group from a narrow geographical win-
dow. Differences in access to care and socio-economic
status were not likely to have been determinants for these
participants. This may also explain why no differences
were found between males and females in this study. All
subjects were well aware of the option of TKA for man-
agement of the disease and were not likely biased by any
surgeon preference.
Conclusions
The results of this study (1) add to the understanding of
functional motivations for undergoing TKA in persons
with end-stage knee OA and (2) define potentially modi-
fiable risk factors that should be the target of pre-opera-
tive interventions in persons who wish to delay TKA.
Younger patients with full knee ROM who have a higher
s e l f - p e r c e p t i o n  o f  f u n c t i o n  a r e  l e s s  l i k e l y  t o  u n d e r g o
TKA. Physicians and clinicians should be aware that
potentially modifiable factors, such as knee ROM, can be
addressed to potentially postpone the need for TKA.
Functional determinants of TKA use may play an impor-
t a n t  r o l e  i n  a  s a m p l e  w i t h  e q u a l  a c c e s s  t o  h e a l t h c a r e .
Future work should address functional determinants in a
larger sample with significant disparity in socio-eco-
nomic variables. Future longitudinal interventional stud-
ies addressing ROM and KOS-ADLS or age-related
impairments are required to determine if modifying risk
factors in persons with end-stage knee OA will reduce or
delay TKA use. The Delaware Osteoarthritis Profile is an
easily administered set of clinical tests that can provide
important information about the likelihood of future
TKA.
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